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We demonstrate a long-sought reliable method for determining the important branching ratio ij between 
photogenerated charged polarons and neutral excitons in 7r-conjugated polymer films and solutions, using 
femtosecond transient photomodulation spectroscopy with broad spectral range from 0.14 to 2.7 eV. We found 
that both excitons and polarons are instantaneously photogenerated, but ij critically depends on the film 
nanomorphology, which ultimately controls the interchain coupling strength. We also found that a correlation 
exists within each polymer family between the obtained ij value, photoluminescence quantum efficiency, and 
the transient polarization memory lifetime; where the interchain coupling strength in the film determines them 
all. We show that ij varies from less than 1% in solutions and glassy films of poly(p-phenylene-vinylene) 
derivatives, where the polymer chains are relatively isolated; to more than 30% in ordered films that contain 
lamellae, such as regio-regular poly(3-hexyl-thiophene). Our results may serve for matching polymers to 
specific device applications, where polymers with large r) values are good candidates for photodetector and 
photovoltaic applications, whereas those with small r) values are more suitable for active layers in organic light 
emitting devices.
DOI: 10.1103/PhysRevB.75.085206 PACS number(s): 78.47.+p. 71.35.Cc. 76.70.Hb. 78.45.+h
I. INTRODUCTION
7T-conjugaled polymers find applications in a range of de­
vices such as organic light emitting diodes (OLEDs), field 
effect transistors, and solar cells.1 It is not surprising there­
fore that the photoexcitations properties in these materials 
have been extensively studied by experiment and theory, es­
pecially since their applications may depend on the ratio rjo i 
charged (polarons) to neutral (excitons) photoexcitations fol­
lowing photon absorption. Specifically, if tj is large, then 
solar cell and solid-state photodetector applications are in 
order; in contrast, for OLEDs it is preferable to use polymers 
with small rj) Photogeneration of polarons in 7r-conjugaled 
polymer films with various nanomorphologies is thus of 
practical interest, especially since the traditional one­
dimensional (ID) electronic properties of the polymer chain 
may be modified by the consequent interchain coupling.2 
Measuring primary polaron photogeneration in the femtosec­
ond (fs) time domain is regarded as the most suitable method 
for determining tj?  However, so far only limited spectral 
ranges have been studied with the aim of measuring tj in 
polymer films and solutions.3”10
It is well known that the main polaron absorption band in 
7r-conjugated polymers lies in the mid-TR spectral range,2'11 
which has not been studied by ultrafast spectroscopy since it 
is not easily accessible using femtosecond (fs) pulses. This 
may be the main reason that controversies in the obtained 7] 
values in polymer films and solutions have flourished in the 
last decade. For example, a variety of transient spectroscopic 
methods for measuring tj have been used in pristine films of 
poly(phenylene-vinylene) [PPV] derivatives;3”10 however, 
with large variation in the obtained i] values that ranged 
between 0.1% and 10%, even in films cast from the same 
polymer solution.3-8 Another reason for these unsettled tj val­
ues may be that methods which have been successfully used 
to determine tj in semiconductors, such as the transient mi­
crowave conductivity12 and THz spectroscopy,8'9 are suspect 
for using in polymers, since the charge polarons in these soft 
materials do not show obvious features in the far-TR spectral 
range.11
In this work we used the transient photomodulation (PM) 
spectroscopy with 150-fs time resolution within a broad 
spectral range from 0.14 to 2.7 eV, which also includes the 
polaron photoinduced absorption (PA) band in the mid-TR 
spectral range,2'11 for determining tj in various pristine poly­
mer films and solutions. The main reason for the success of 
our unique method is that both exciton and polaron PA bands 
are simultaneously detected with our laser systems. Thus for 
obtaining a reliable tj value we used the ratio of the polaron/ 
exciton PA bands in the mid-TR range, where they are well 
separated, and readily measured with the same low power 
laser system. The obtained tj values vary dramatically be­
tween —0.5% in PPV derivative solution and —30% in 
regio-regular (RR) poly (3-hexyl thiophene) [P3HT] films, 
depending on the polymer structure and film nanomorphol­
ogy. Interestingly, we found that the tj value in films of PPV 
derivatives crucially depends on the solvent used for film 
casting; 7]~ 10% when the films are cast from toluene solu­
tion, but 7]< 1% if chloroform solution is used. We also 
found that the variation in the film 7] value within a polymer 
family echoes that of the photoluminescence (PL) quantum 
efficiency, and the lifetime of the exciton polarization 
memory transient decay. We conclude that all these optoelec­
tronic parameters are in fact determined by the strength of 
the interchain coupling in the film.
II. EXPERIMENT
For the polarized transient PM spectroscopy we used the 
fs two-color pump-probe correlation technique with two la­
ser systems based on Ti:sapphire oscillator;13 a low power 
(energy/pulse —0.1 nJ), high repetition rate (—80 MHz) la­
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ser for the mid-IR spectral range; and a high power (energy/ 
pulse —10 fiJ), low repetition rate (—1 kHz) laser for the 
near-IR-visible spectral range. In both laser systems the ex­
citation photon energy fito was 3.2 eV. For the low intensity 
measurements we used an optical parametric oscillator 
(Opal, Spectra Physics) as a probe, which generates 
ti w(probe) from 0.55 to 1.05 eV, and from 0.14 to 0.43 eV ,13 
respectively. For the high intensity measurements, the white 
light supercontinuum was generated for ^£t»(probe) ranging 
from 1.15 to 2.7 eV. The transient PM signal AT/T(t) is the 
fractional change in transmission T, which is negative for PA 
and positive for photobleaching (PB) and stimulated emis­
sion (SE). The transient PM spectra from the two laser sys­
tems were normalized to each other in the near-IR-visible 
spectral range, for which ^£t»(probe) from the low power la­
ser system was frequency doubled. For the polarization 
memory decay related to the photogenerated excitons we 
measured A T  at the SE band, with pump and probe polariza­
tions either parallel [Ar(pa)] or perpendicular [Ar(pe)] 
to each other; the transient polarization memory P(t) 
was then obtained using the relation P(r) = [Ar(pa) 
-A r(p e )]/[A r(p a ) + A r(pe)].14
The PPV derivative polymers studied here were synthe­
sized in our laboratory, and include PPV, 2-methoxy-5-(2’- 
ethylhexyloxy) PPV [MEH-PPV] of which backbone struc­
ture is given in Fig. 1(a), inset, and 2,5-dioctyloxy PPV 
[DOO-PPV], The films were drop-cast from dilute solutions 
of various solvents such as water for PPV, toluene, chloro­
form, and tetrahydrofuran (THF) for MEH-PPV, and toluene 
for DOO-PPV. The P3HT polymers with regio-regular (RR) 
and regio-random (RRa) orders were purchased from ADS 
Inc. For comparison with PM spectra in films of polymer- 
fullerene blends, we also prepared films from MEH-PPV 
mixed with 10% C60 in a dilute toluene solution.
ITT. RESULTS AND DISCUSSION
In a strictly 1D chain model, a single charge carrier added 
onto the polymer chain forms a spirf1/2 polaron, with two 
allowed optical transitions. P l and P 2 below the optical gap 
[Fig. 1(b)].11 These are the most prominent characteristic 
signatures of charged polarons, which we use here in deter­
mining rj. There is also an associated photoinduced electro­
absorption (EA) band close to the optical-absorption onset;15 
but very little polaron induced absorption in the microwave 
to THz spectral ranges.8-9-12. In addition, because of the rela­
tively strong electron-phonon coupling in ir-conjugated 
polymers, the polaron excitation renormalizes the frequen­
cies of the Raman-active amplitude modes,16 which conse­
quently borrow IR intensity from the electronic transitions. 
The small polaronic mass causes these IR-active vibrations 
(IRAV) to possess large oscillator strengths which are com­
parable to those of the electronic-related transitions16 [see, 
for example, vl and v2 in Fig. 2(b), inset]. Once the electron- 
hole interaction is added to the model Hamiltonian that de­
scribes the electronic states in ir-conjugated polymers, then 
the excited states become excitonic in nature with alternating 
odd (Bu) and even (A„) parity symmetry.17 Within this model 
the lowest-lying singlet t t  exciton in PPV-like chains is the
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FIG. 1. (Color online) (a) The transient PM spectrum at r= 0 of 
pristine MEH-PPV film cast from toluene solution in the spectral 
range of 0 .15 -2 .4  eV; the inset shows the polymer backbone struc­
ture. Various spectral bands are assigned; and P2 are for po­
larons; PA X and PA2 are for excitons; and SE and PB are stimulated 
emission and photobleaching of the absorption, respectively. The 
absorption and photoluminescence spectra are also shown for com­
parison. (b) The energy levels and optical transitions (schemati­
cally) of positively charged polaron, and singlet exciton in 
iT-conjugated polymers within the exciton model (Refs. 7 and 17). 
1BU. m A$ and fc4g are odd and even parity exciton states in the 
neutral manifold, and HOMO (LUMO) is the highest (lowest) oc­
cupied (unoccupied) molecular orbital in the charge manifold.
1BU, which is strongly coupled to two excited A„ states, 
namely mA„ and kA„. This produces two strong optical tran­
sitions P A l and PA2 that characterize the photogenerated ex­
citon in the polymer chain [Fig. 1(b)].7 The PA bands P l and 
P 2 for polarons and P A l and PA2 for excitons identify these 
photoexcitations in the transient PM spectrum.
MEH-PPV polymer films
Figure 1(a) shows the transient PM spectrum of a MEH- 
PPV film cast from toluene solution at “?=0” (i.e., within 
150 fs). It contains excitons with P A l and PA2 bands at 0.95 
and 1.6 eV, respectively, as well as polarons with P l and P2 
bands at 0.35 and 1.4 eV, respectively. In addition, there are 
also SE and PB bands. We measured [Fig. 2(a), inset]18-19 
that the polaron PA bands in the PM spectrum have slower
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spcctral range of 0.14 to 1.05 cV of MEH-PPV films cast from 
toluene (red. empty circles). THF (blue, squares), and chloroform 
(green, diamonds), as well as a dilute toluene solution of the poly­
mer (black, full circles). The bands P ] of polarons and P A ] of 
excitons arc assigned. The inset shows the dccay dynamics of the 
exciton and polaron bands, (b) The r= 0  transient PM spectra of 
MEH-PPV film cast from toluene solution in the mid-IR spcctral 
range from 0.15^0.4 cV at 80 K (LT; black line, full circles) and 
room temperature (RT; blue line, empty squares). The bands P ] and 
IRAV r i  arc assigned. The inset shows the PM spectrum of 10% 
C60-dopcd MEH-PPV film at 80 K in the same spcctral range, 
where P j and IRAV bands arc assigned.
dynamics compared to those of the exciton PA bands, and the 
associated SE. This indicates that the two pairs of PA bands 
belong to different photogenerated species, namely excitons 
and polarons, respectively. Also at low temperatures the tran­
sient PM spectrum contains photoinduced IRAV that are cor­
related with the P ! band [Fig. 2(b)]; and this shows that the 
related photoexcitations are indeed charged.20 In addition, 
the P l band in the transient PM spectrum is similar to that in 
the steady-state PM spectrum of 10% polymer/C60 blend 
[Fig. 2(b), inset] that is due to long-lived polarons.21 We 
therefore conclude that the primary photoexcitations in 
MEH-PPV films are both excitons and polaronsx6-22 that are 
generated instantaneously.
If we assume that singlet exciton and polaron excitations 
have roughly the same optical cross sections due to their
Photon Energy (eV)
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(Color online) (a) Transient PM spectra at r= 0  in the
TABLE I. Branching ratio t] of charged (polarons) to neutral 
(excitons) photocxcitations polarization memory dccay time and PL 
quantum efficiency in several ir-conjugatcd polymer films and 
solution.






MEH-PPV Toluene 10 2 15
Films THF 8 3 17
Chloroform 1 54 20
MEH-PPV
Solution
Toluene 0.5 260 35
PPV Water 10 22 26
DOO-PPV Toluene 1 57 19
RR-P3HT Toluene 30 93 1
RRa-P3HT Toluene 1 120 10
sim ilar one-d im ensional (ID) ir-e lectron character, and
wave-function extent,11-13 then from the broad PM spectrum 
at t= 0 we are able to estimate the photogeneration branching 
ratio 7  of polarons to excitons from the relative strength of 
their corresponding PA bands. From the PM spectrum of Fig. 
1(a) we thus estimate 10% for MEH-PPV film cast from 
toluene solution, in agreement with Ref. 3 but in sharp dis­
agreement with Ref. 9. Actually we may conveniently esti­
mate rj from the intensity ratio P l /P A l in the mid-IR spec­
tral range, using the low intensity laser system alone [see 
Fig. 2(a)], thus avoiding the complex recombination pro­
cesses typical of high intensity laser systems.-’’ Also knowing 
the precise optical cross-section ratio between excitons and 
polarons is not crucial in comparing the 7  value within the 
same polymer fam ily  that may have different film nanomor­
phologies depending on the film casting method and solvent 
used.
We used the PA intensity ratio in the mid-IR method to 
estimate the 7  value in other MEH-PPV films and solutions 
(Table I). Figure 2(a) compares the transient PM spectrum at 
t= 0 in the mid-IR spectral range of three MEH-PPV films 
cast from solutions of toluene, THF, and chloroform, respec­
tively, as well as a dilute solution of MEH-PPV in toluene. 
We found that in chloroform-based film but rj
<0.5%  in dilute toluene solution; a value smaller to that 
obtained in Ref. 10. The variations in 7  value among the 
different MEH-PPV films and solutions can be tracked back 
to their nanomorphologies. It was deduced from the variation 
in the PL quantum efficiency, as well as various nanoprobe 
images, that the degree of interchain interaction in MEH- 
PPV films sensitively depends on the solvent used in casting 
the film.23-24 Using an integrated sphere for collecting the 
total PL emission coming from the photoexcited film, we 
indeed measured that films cast from toluene solutions have 
lower PL emission quantum efficiency (QE —15%) than 
those cast from THF (QE —17%) and chloroform (QE 
—20%) (Table I), presumably because the polymer chains in 
the former film have more favorable nanomorphology for 
interchain interaction.23-24
For completeness we also measured the exciton polariza­
tion memory transient decay P(t) within the SE band of vari­
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FIG. 3. (Color online) (a) The ps decay dynamics of AT parallel 
(red line), AT perpendicular (blue line) (left axis); and the resulting 
polarization memory, P(t) at the SE band of DOO-PPV film 
(~2.0 eV) (green line; right axis); that includes a zero level shift, 
(b) The room-temperature absoiption and PL spectra of MEH-PPV 
films cast from toluene (blue line) and chloroform (red line).
ous DOO-PPV films [Fig. 3(a)], with the assumption that 
faster P(t) decay indicates stronger interchain coupling lead­
ing to a more mobile exciton.7 A polarization memory value, 
P ~  0.2 , is initially formed in the polymer films because 
polymer chains with orientation parallel to the pump beam 
polarization are preferentially excited.7-14 P(t) decays, how­
ever, due to exciton diffusion among the polymer chains in 
the film that randomize their vector dipole moment direction. 
We found that P(t) lifetime r  is ~ 2  ps in MEH-PPV films 
cast from toluene solution having large 7  value, whereas r  
~ 5 4  ps in chloroform based films that show small 7  value 
(Table I). The change in r  value between MEH-PPV films 
cast from toluene and chloroform solution is amazing, since 
very little change is observed in their PL and absorption 
spectra [see Fig. 3(b)]. Although there is a slight blueshift in 
the PL and absorption spectra of films cast from toluene 
solution, this cannot explain the large difference in the ob­
tained rj and r  values of these films. We thus conjecture that 
interchain coupling is more favorable in MEH-PPV films 
cast from toluene solution leading to more mobile exciton, 
and this explains their faster polarization memory decay. In 
polymer solution, where the PL QE is the highest, we indeed 
obtained the lowest 7  value, and longest r  value, indicating 
much weaker (or lack of) interchain coupling. We thus con­
clude that the polaron photogeneration efficiency in MEH-
1 1.5 2 2.5 
Photon Energy (eV)
FIG. 4. (Color online) Same as in Fig. 1(a) but for films of 
DOO-PPV polymer (a) and PPV polymer (b). The polymer repeat 
units are given in the insets.
PPV depends on the film nanomorphology, which also deter­
mines the interchain coupling strength; and consequently 
also the PL efficiency and exciton polarization memory de­
cay dynamics.
DOO-PPV and PPV polymer films
Figure 4 shows the broadband transient PM spectrum of 
two other PPV-based polymer films, namely DOO-PPV cast 
from toluene solution [repeat unit shown Fig. 4(a), inset], 
and unsubstituted PPV cast from water solution of a precur­
sor compound [repeat unit shown in Fig. 4(b), inset]. In fact 
the PM spectra for these polymers (Fig. 4) are very similar to 
that shown in Fig. 1(a) for MEH-PPV.18-25 Similarly, each 
PM spectrum contains two pairs of PA bands, namely P A } 
and PA2 for photoexcited excitons, and P ) and P2 for pho­
togenerated polarons; also the exciton PA bands are accom­
panied by a SE band in the visible spectral range. We note, 
however, that the P ) band for polarons in PPV is much stron­
ger than that in DOO-PPV; and this indicates a larger r; value 
in PPV films. Indeed from the P }/P A } intensity ratio in the 
mid-IR spectral range we estimate 7 ~  10% in PPV, whereas 
rj< 1% in DOO-PPV (Table I). In agreement with the role of 
interchain coupling strength in determining the rj value, it is 
known that DOO-PPV films have mainly isolated polymer 
chains that result in weak interchain interaction,7 whereas
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FIG. 5. (Color online) Transient PM spectra at t=0 of RR-P3HT 
(blue, squares) and RRa-P3HT (red, circles) films in (a) mid IR, and 
(b) visible spectral range. The polymers backbone structures arc 
shown in the inset to (a), where the different rcgio-ordcrs arc em­
phasized. The polaron bands P , and P 2 and associated photoin- 
duccd clcctroabsorption EA arc assigned; along with the cxciton 
bands M :, PA 2, SE, and PB.
PPV films contain polymer chains with preferred orientation 
for increased interchain interaction.2-'’ It is worth noting that 
7] and t  values, and PL QE of DOO-PPV are similar to that 
of MEH-PPV films cast from chloroform solution (Table I), 
and this indicates that the polymer chains in these two films 
have very similar nanomorphologies. The obtained t] values 
thus shows that the film nanomorphology is crucial in deter­
mining the 7] value, except that for different polymers in the 
same family it is determined by the polymer repeat unit 
rather than the solvent used.
P3HT polymers
We extended our measurements to also include RR- and 
RRa-P3HT polymer films, which are perfect examples that 
show how the film nanomorphology influences, or even 
dominates the charge photogeneration QE in polymer films. 
RR-P3HT and RRa-P3HT polymers share the same back­
bone repeat unit [see Fig. 5(a), inset], but differ in their side 
groups arrangement. Nevertheless, their PL efficiencies differ 
dramatically; the PL QE is < 1% , and 10% for RR- and
FIG. 6. (Color online) Transient ps decay dynamics in RR- 
P3HT film of the polaron bands: P , (red line, empty circlcs) and EA 
(black line, full circlcs) compared to those of the cxciton bands: 
W , (green line, squares) and PA 2 (blue line, diamonds).
RRa-P3HT films, respectively21 (Table I). The high carrier 
mobility and lack of strong PL has made RR-P3HT an ideal 
polymer candidate for use in polymer-fullerene organic solar 
cells based on bulk heterojunctions.26 The reason for the dif­
ferences in their physical properties is that self-organization 
of RR-P3HT chains results in formation of lamellae structure 
perpendicular- to the film substrate; such 2D lamellae sheets 
have strong interchain interaction due to the short interchain 
interlayer distance of the order of 3.8 A .2 On the contrary, 
RRa-P3HT films form lamellae to a lesser degree, and thus 
the normal, isolated chainlike morphology governs its opto­
electronic properties.2
We compare in Fig. 5 the transient PM spectra in the 
mid-TR [Fig. 5(a)] and visible [Fig. 5(b)] spectral ranges of 
RR-P3HT and RRa-P3HT films at t= 0. In the PM spectra of 
RR-P3HT it is seen that the polaron P { band in the mid-TR 
(—0.35 eV) is relatively strong; and is accompanied in the 
visible range by a strong photoinduced EA modulation,1-'’ 
with phonon sideband peaks at —1.9, 2.1, and 2.3 eV, re­
spectively. In addition, no SE band associated with excitons 
is seen in the PM spectrum [Fig. 5(b)], The decay dynamics 
of the various PA bands in RR-P3HT are shown in Fig. 6, 
and clearly separate polaron bands (P ( and EA) with slower 
dynamics, from those related to excitons (PA( and P A2) that 
decay faster. In contrast, the P  ( band in RRa-P3HT is negli­
gibly small [Fig. 5(a)], and there is no photoinduced EA 
band [Fig. 5(b)]; instead, a prominent SE band appears in the 
visible range. These spectral features are consistent with low 
polaron photogeneration quantum efficiency, in agreement 
with the chainlike nanomorphology of this polymer film. Us­
ing our method of P \IP A \ intensity ratio in the mid-TR to 
determining rj we found that rj~  30% in RR-P3HT films, 
which is higher than estimated in Ref. 6. We note that this is 
the highest t] value that we have obtained so far- in pristine 
polymer films. In contrast, the upper limit of rj in RRa-P3HT 
is —1%, similar- to that in glassy films of PPV derivatives 
(Table I). Also its PL efficiency and r  value are higher than 
those in the RR-P3HT counterpart; in agreement with the 
correlation found above between rj and r  values and PL QE 
in PPV derivatives (Table I).
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The vastly different iq values obtained in the two regio- 
ordered P3HT polymer films is consistent with the measured 
maximum power conversion efficiency (PCE) of solar cells 
based on blends of these polymers with fullerene derivatives 
as acceptors. Whereas the maximum PCE of RR-P3HT/ 
fullerene solar cells is —5% , 26 and crucially depends on the 
amount of RR order in the polymer chain, PCE of cells based 
on RRa-P3HT/fu11erene blends is much smaller.27 Our results 
indicate therefore that the pristine film nanomorphology also 
plays an important role in determining the photoinduced 
charge separation and polaron mobility in polymer-fullerene 
blends.
Comparison with other measurement techniques
The r] values obtained here are much larger than those 
obtained using microwave conductivity12 and THz 
spectroscopy.8-9 It is well known in the field of ir-conjugated 
polymers that charge carriers are accommodated upon dop­
ing in the form of polarons. The optical conductivity (or 
optical absorption) spectrum shows the formation of two lo­
calized states in the highest occupied molecular orbital- 
lowest unoccupied molecular orbital gap of the polymer that 
lead to two absorption bands below the optical gap." This is 
in contrast to the impurity absorption band and Drude-type 
conductivity spectrum that are formed upon doping in more 
conventional semiconductors. In addition to the two doping 
induced absorption bands, the spectrum of doped polymers 
also contains polaron-related IRAV down to ~ 4 0 0 c m 'V 6 
but there is little contribution in the THz and microwave 
spectral ranges. The reason for this unusual situation is that 
the electrical conductivity of ir-conjugated polymers is rela­
tively small, because the contribution due to mobile free car­
riers is usually quite small.28 On the contrary, hopping and 
variable range hopping have been routinely recognized as the 
main mechanism of carrier transport in these disordered 
materials.29 The hopping mechanism leads to very small op­
tical conductivity at low frequencies including microwave 
and THz spectral ranges.30 Therefore it is not clear whether 
the use of spectroscopic tools in these two spectral ranges, 
which have been routinely used in inorganic semiconductors, 
is suitable for studying carrier photogeneration and transport 
in ir-conjugated polymers. No wonder therefore that ?;-va1ue 
estimates using these two techniques showed very small po­
laron photogeneration QE in MEH-PPV, of order 10-3 in 
films and 10-5 in solutions.9 Whereas we conclude in our 
present work a branching ratio of —10% in films of this 
same polymer, and 1% in solution; which constitutes a factor
of —100 difference between our findings and those in the 
previous work.9 Moreover, using the microwave conductivity 
technique, rj~2%  was obtained in RR-P3HT films,12 
whereas we conclude a branching ratio of —30% in the same 
polymer. In general, our polaron QE estimates are closer to rj 
values obtained via ultrafast transient photoconductivity31 
and photoinduced IRAV (Ref. 3) previously measured in 
polymer films, except that in our technique both polarons 
and excitons are simultaneously measured.
IV. CONCLUSION
We measured the ultrafast transient PM spectra within a 
broad spectral range from 0.14 to 2.7 eV, polarization 
memory decay, and PL efficiency in various pristine PPV 
derivative films cast from different solvents, and P3HT films 
with two regio-regular orders. Both excitons and polarons 
are instantaneously photogenerated in these films. We found 
that the polaron photogeneration QE rj ranges from less than 
1% in most films of PPV derivatives (depending on the sol­
vent used) to —30% in films of RR-P3HT, as summarized in 
Table I. We also found that the r) value in films is correlated 
within the same polymer family to the PL QE, and transient 
polarization memory lifetime r. The PL efficiency is lower 
and r  is shorter in films showing higher tj values. This cor­
relation shows that all three optoelectronic characteristic pa­
rameters sensitively depend on the film nanomorphology, 
which also determines the underlying strength of the inter­
chain interaction. We thus conclude that in films of strong 
interchain interaction the r) value is higher, PL QE is lower, 
and exciton (and carrier) mobility is higher. A perfect ex­
ample of this correlation is obtained RR-P3HT polymer 
films.
Having established a reliable method for measuring r) 
value in polymer films, we may now proceed in using this 
method for measuring tj in a variety of interesting ultrafast 
transient processes such as the photoinduced charge transfer 
in polymer-fullerene blends, photoinduced charge separation 
under the influence of a strong external electric field in 
OLED, and OLED degradation.
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